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To all whom it may concern: 

_ Be it known that I, Taomas A. EDISON, a 
citizen of the United States, residing at Llew- 
ellyn Park, in the county of Essex and State 


of New Jersey, have invented a certain new. 
_and useful Improvement-in Electri¢ Meters, 
(Case No. 1,000,) of which the following isa 


specification: 

My invention relates to various new and 
useful improvements in‘electric meters of 
the type wherein the electrolytic or electro- 
depositing action of the current in ashunt of 


sum ption-circuit. 
My improved meter is accurate in its reg- 


istration, it is capable of instant and easy: 
reading, it is simple in its construction, it is 
not liable to derangement, its construction is 
of such a character that: it will not ‘be im-' 
paired or injured by the handling to which it, 
“may be subjected in transportation or instal- 


Jation, and it may be operated with a mini- 


“mum current, 


Underlying my present invention is an im- 
proved electrolytic cell, which can -be abso- 
lutely standardized and which ina stationary 
temperature will always maintain’a constant 
resisiance, so that the rate of deposition will 
be uniform. This improved cellis provided 
with two electrodes, preferably of pure zine 


_or zine amalgam, immersed. in a solution of 


35 


40 


59° 


sulfate of zine in -distilled water... Other 
electrodes may be employed, as will be ex- 
plained. In order to prevent evaporation of 
the solution and any tendency thereof to 
creep, and to thereby maintain the absolute 
uniformity of the solution, I cover the solu- 


‘tion'with a stable inorganic non - miscible 


liqaid, such as mineral oil, of: which -par- 
affin - oil is the. preferred example. Having 
produced an electrolytic cell of this charac- 
ter which-will be entirely unaffected by evap- 
oration and which will always be possessed 
of a uniform rate of deposition, I connect 
one or two of such cells around a relatively: 
low resistance, whereby a minute but defi- 
nite and constant ra'io of 2urrent will affect 


the cell or cells, and I obtain by the deposi- 


tion from one electrode to the other and by 


. positive mechanical devices an accurate reg- 


istration, capable of easy reading, of the to- 


| tal current. 


of. time. 


the movable electrodes of two cells to the 
two extremities of a scale-beam supported on 
knife-edges or other relatively frictionless 
support, the electrical connections being such 
that while the metal is being deposited upon 
the movable electrode of one cell it will be 


‘stripped off.of the movable. electrode of the 


other celi, whereby the scale-beam will tend 
to move downward toward the heavier mov- 
able electrode. If desired, however, a'single 
cell may be employed, connected to one ex- 
tremity of the scale- beam, a counterweight 
being connected tothe other extremity there- 
of. The beam is connected with.a suitable 
retarding device, which opposes the stress 
exerted by either of the movable electrodes 
of the two cells on which the deposit is tak- 
ing place. In this way the scale - beam, un- 
der the effect of the depositing and stripping 
of the metal, will partake of an extremely- 
slow movement in one direction or the other, 
the extentof such movement being constant, 
as I shall explain, but. its relative slowness 


depending upon the current influencing the 


cells. The retarding device which I prefer 
to use for opposing the movements of the 


beam is a weight carried on an_arm depend-— 


ing from the beam in line with the pivot there- 
of, which weight may: be adjustable verti- 
cally, whereby its opposing effect may be ad- 
justed' and by means of which, also, the ca- 
pacity of the eter may be varied. The os- 
cillations of the scale-beam acttate an escape- 
ment controlling a: registering-train, which 
operates a suitable pointer or pointers of a 
dial or dials. -The connection between the 
scale-beain and ‘escapement is-of a novel 
character, which will presently be more fully 


described, ‘and is such that friction is so in- 
The regis- 


finitely small as to be negligible. 
tering-train is- driven either by a weight or 
spring, preferably the former, and since the 
release of the escapement takes place very 
infrequently, even when currents of consid- 
erable volume are influencing the cell or cells, 
it will be possible. to ‘obtain. a sufficient, fall 
of the relatively light’ weight as to require 
winding thereof only during long intervals 


‘have construeted the fall of the weight is ap-- 
proximately two inches in a year, assuming 


To this end I prefer to attach. — 
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the meter to be carrying its maximum load. 
In order that the oscillations of the scale- 
beam may be produced, the current through 
the cell or cells requires to be reversed at each 
tripping of the escapement, and I have pro- 
duced an improved reversing-switch wherein 
only a single movable contact is required, 
such reversing-switch being operated directly 
by the register-train and therefore imposing 
no stress upon the scale-beam. To prevent 
oxidation of the parts comprising the current- 
reversing devices,I plate the contact-surfaces 
thereof with gold or some other non-oxidiz- 
able metal. 

The elements of the meter will be prefer- 
ably carried on a suitable insulated board 
within any -convenient meter-box having 
preferably a glass front, through which the 
dials may be observed. When used in locali- 
ties where low temperatures may be expected, 
it is desirable to employ a heating device 
brought into circuit by means of a thermo- 
stat if the temperature falls dangerously near 
the freezing-point of the liquid in the cell. 
Such a heating device is preferably an inean- 
descent lamp arranged in a branch circuit 
across the line and in series with a thermo- 
static bar composed of two metals having un- 
equal coefficients ofexpansion. In order that 
changes in temperature, which necessarily 
affect the resistance of the cell or cells, may 
not result in incorrect registration, I inter- 
pose in series with the cell or cells an ordi- 
nary compensating-coil, the resistance of 
which changes inversely with that of the 
cell or cells, whereby the resistance of the 
shunt including the cell or cells and said 
compensator will be always maintained con- 
stant, irrespective of changes in temperature. 

In the accompanying drawings I have il- 
lustrated the preferred construction of nyim- 
proved meter; but the details thereof may be 
obviously varied. 

In the drawings, Figure isa front elevation 
of the meter with the door of the meter-case 
open. Fig. 2 is aside elevation and partial 
section of the meter. Fig. 3isa plan view of 
the seale- beam and clockwork mechanism 
of the meter. Fig. 4 is an elevation of the 
clockwork mechanism. Fig. 5 is a side ele- 
vation and partial section at one end of the 
scale-beam. Fig. 6 is a sectional view of one 
of the electrolytic cells. Fig. 7isa diagram 
showing the electrical connections of the 
meter,and Fig. 8 isa view illustrating a method 
of securing acontinuous current for operating 
the meter from an alternating-current cirenit. 

In all of the above views corresponding 
parts are represented by the same numerals 
of reference. 

lis a case having a door 2, provided with 
a glass-covered opening 3, therein. The parts 
of the meter are carried by a board 4 or other 
insulating-backing within the case 1. 

5 is a three-armed bracket carrying on 
two of its arms glass jars 6 7, each of such 
jars having within it a fixed electrode 8 and 


a movable electrode 9. These electrodes are 
preferably cylindrical and open-ended. The 
fixed electrode 8 is carried by posts 10, from 
which it is insulated, and by adjustment of 
the connections between the electrode and 
these posts the fixed electrode can be accu- 
rately centered with relation to the movable 
electrode and independent of the inclosing 
glassjar. The glass jJarsare preferably dipped 
exteriorly a number of times in acetate of 
amyl]-collodion, the jar being dried after each 
dipping. This forms a thin tough coating 
on the outside of the jar, so as to prevent leak- 
age if the jar cracks. The electrodes 8 9 are 
made preferably of pure metallic zine, which 
is amalgamated, and they are immersed in 
a solution 11 of a salt of the metal, in this in- 
stance sulfate of zine. <A solution of from 
ten to twenty-five per cent. of sulfate of zine 
in distilled water gives good results. If de- 
sired, the electrodes may be made of any other 
suitable metal—suech, for example, as pure 
silver immersed in a solution of nitrate of sil- 
ver, ora solution of cyauid of silver and cya- 
nid of potassium may be used, or the elec- 
trodes may be of pure copper immersed in a 
solution of sulfate of copper, or silver elec- 
trodes may be used with a solution giving 
chlorin by electrolysis, as a solution of hy- 
drochloric acid, whereby instead of the metal 
beifg deposited chlorid of silver is formed 
on one electrode, and when the current is re- 
versed the other electrode is coated with chlo- 
rid of silver, while the electrode first chlori- 
dized is reduced to metallic silver, no metal 
heing deposited from the solution. The solu- 
tion 11 is covered with a layer 12 of a stable 
inorganic non - miscible liqnid—such as a 
mineral oil, of which pure paraffin-oil is the 
preferredexample. A thickness of one-eighth 
of an inch of this layer will be sufficient. The 
presence of this layer prevents any evapora- 
tion or creeping of the solution, so that the 
resistance of the solution and its rate of depo- 
sition remain always constant. 

The movable electrode 9 of each cell is car- 
ried by a wire 13 from a ring of ivory or other 
insulating material 14, hung from a stirrup 
15, which in turn is hung by a knife-edge 16 
from.ascale-beam17. The scale-beam is car- 
ried on knife edges 18 onstandards 19. The 
two movable electrodes being carried by op- 
posite ends of the scale-beam counterbalance 
each other. ; 

20 is anarm depending from the scale-beam 
in line with knife-edges 18 and earries on its 
lower end an adjustable weight 21, which re- 
sists the movement of the scale-beam from 
its central position. 

22 and 23 are plates supported by the 
bracket 5 and carrying a suitable register- 
train 24. The shafts of the register-train 
carry indexes 25, which céoperate with dials 
26 to register the current. The train is 
driven by a weight 27 ora suitably-arranged 
spring. The fast or escapement shaft 28 of 


the train carries an escapement-arm 29, which 
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is made as long as practicable and has at its | 


ends two pallets 30 and 31, arranged at dif- 
ferent distances: from the shaft 28. These 
pallets céoperate with a pallet-stud 32, carried 
by the scale-beain above its knife-edge. The 
seale-beam in oscillating will carry the pal- 
let-stud 32 from beneath one or the other of 
the pallets and into the path of the other pal- 
let, as will be understood. By making the 
escapement-arm 29.relatively long the fric- 
tion between the pallet-stud and pallets is so 
infinitely small as to be negligible. Further- 
more, since the coefficient of friction between 
the pallet-stud and pallets is always constant 


there will be no perceptible variation in the: 


friction even if it were measurable. The es- 
capement-shaft 28 carries a crank-pin 33, 
which works in a fork at the lower end of the 


pivoted lever 34, which lever catries. ati its | 


upper end a contact-bar 35, whose contact- 
surface is preferably gold-plated. This con- 


-tact-bar 35 is moved by the escapement into 


and out of contact with springs 36 and 37. 
Thése springs approach -each other at their 
free ends, leaving a small gap between, and 
each movement of the escapement carries the 


-contact-piece from one. set of springs to the 


other. The ends of the springs where they 
make contact with the contact-piece are also 
preferably gold-plated. 

An electrical connection of definite and 
uniform resistance is made from the base to 
the pivoted lever 34 by means of a flexible 
and non-elastic strip of metal leaf 38. The 
springs 36 and 37 are mounted upon blocks 
of insulating material 39 and are connected 
with wires 40 and 41. 
nite and uniform electrical resistance are 
made with the movable electrodes by means 
of flexible non-elastic strips of metal foil 42 
and:43, which are connected with extensions 
from the wires 13, which support the movable 
electrodes. In this way the circuits through 
the meter have a definite electrical resistance 
at all times, no circuit connection being car- 
ried through a movable joint or being depenid- 
ent upon surface-contact, except in the case 
of the reversér. ‘The wires 13, which support 


‘the movable electrodes, are coated, as are the 
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glass jars 6 and 7,.with a number of layers 
of acetateof amyl- collodion from the point 
of their connection with the movable elec- 


Connections of defi- 


trodes to a. point above the surface of the: 


liquid, so as to insulate thein and prevent 
any electrolytic action upon these wires:or at 
their connections with the electrodes. 

The meter, with a current-reverser such as 
I have described, will be connected around:-a 
resistance 44, made preferably of German sil- 
ver. This resistance is connected in the cir- 
cuit of one of. the main. conductors 45. of the 
circuit whose current is to be measured, such 
main conductor being broken within the me- 
ter and the resistance being. located in the 


break. The other main conductor 46 passes | 


directly through the. meter. .The resistance 


44 may be arranged in flat form around the- 


inside of the case over spools 47. The two 


ends of the resistance are connected with the’ 


ends of the break in the main 45, while from 
the center of the resistance a connection 48 
is made with the resistance, which leads 
through a temperature -compensating spool 


49to a connection with the movable electrode 


of oneof thecells. Anincandescent lamp 50 
is arranged in a branch circuit between the 
two main conductors, and its circuit is con- 
trolied by a thermostat 51, which closes the 
circuit to the lamp when the temperature ap- 
proaches the freezing-point of the solution, 
thus preventing the freezing of the solution. 


Referring to Fig. 7, in which the electrical _ 
it will be seen 


connections ‘are illustrated, 
that the two electrolytic cells are connected 
in series around one half of the resistance 44 
or the other half of the resistance 44, accord- 
ing to the position of the current-reversing 
contact 35, and this arrangement enables me 
to use a current-reverser with only one con- 
taet-point in operation at’any time and which 
reverses the current by a simple movement 
from one contact-point to another contact- 
point. While I prefer to use this simple cur- 
rent-reverser, it is evident that the other fea- 


‘tures of my meter might be used with other 


forms of current-reverser. It will be observed 
that. when the current passes through the 
electrolytic cells, the scale-beam being tipped 
in one direction, the elevated. movable élec- 
trode will have metal deposited upon it or 
will become heavier, while the depressed mov- 
able electrode will have metal stripped from 
it or becomes lighter. This process continues 
until the elevated electrode overbalances the 
depressed electrode sufficiently to disengage 
the pallet-stud 32 from the: pallet 30 or 31 
which is in contact with it, when the escape- 
ment will be released and the current will be 
reversed through the meter. ’ 
of current. will produce the reverse operation, 
and the.scale-beam will movein the opposite 
direction. These movements are registered 
on the dials and. correspond with uniform cur- 
rent values.. If desired, it will be obvious 
that only a single cell may be employed, con- 
nected to one end of the scale-beam, the: mov- 
able electrode thereof being counterbalanced 
by. a counterweight connected to the other 
end of the scale-beam. = In this case the cur- 
rent will be.reversed by the current-reverser 
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through: the single cell, the deposit first tak- 


ing place upon ‘the movable electrode of the 
cell: to. overbalance the counterweight and 


I prefer, however, to use two elec- 


When.it is desired to utilize my improved 
meter for measuring alternating currents, I 
prefer to generate by means of such alternat- 
ing eur rents ‘a direct current proportional to 
the alternating current, and which direct cur- 
rent will be used to effect the action in the 


‘upon ‘the reversal of. the. current the metal 
stripping off of such movable electrode to al-. 
low the scale-beam to be tilted by the counter- 
‘weight. 
| trolytic cells, as I have explained. 
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electrolytic cells. This principle is illus- 
trated In Fig. 8, in which 52 represents one 
of the main conductors of a circuit which is 
reduced in cross-section, so as to generate 
heat at the point 53, which heat is utilized to 
raise the temperature of the alternate junc- 
tions of a thermopile 54, from the center and 
ends of which are taken wires for conveying 
a continuous current through the meter. 

I do not herein claim the use of a thermo- 
pile or equivalent: device for generating, by 
means of an alternating current, a small but 
relatively-direct current which is to be meas- 
ured by an electric meter, since that inven- 
tion is described and claimed in my applica- 
tion filed on even date herewith. 

Having now described my invention, what 
T claim as new, and desire to secure by Letters 
Patent, is as follows: 

1. In an electric meter, the combination 
with a balanced scale-beam, a retarding de- 
vice for resisting the oscillations of said beam, 
and an electrolytic cell the movable electrode 
of which is connected to said scale-beam, of a 
register-train, and an escapement operated 
thereby and controlled. by the oscillation of 
said scale-beam, substantially as set forth. 

2. In an electric meter, the combination 
with a balanced scale-beam, a weighted de- 
pending arm carried by said scale-beam for 
resisting the oscillations thereof, and an elec- 
trolytic cell the movable electrode of which 
is connected to said scale-beam, of a register- 
train, and an escapement operated thereby 
and controlled by the oscillation of said scale- 
beam, substantially as set forth. 

3. In an improved electric meter, the com- 
bination with a balanced scale-beam, an arm 
depending from said scale-beam, an adjust- 
able weight on said arm, and an electrolytic 
cell the movable electrode of which is con- 
nected to said scale-beam, of a register-train, 
and an escapement operated thereby and con- 


trolled by the oscillation of said scale-beam,’ 


substantially as set forth. 

4. In an electric meter, the combination 
with a balanced scale-beam, a retarding de- 
vice for resisting the oscillations of said beam, 
and an electrolytic cell, the movable electrode 
of which is connected to said seale-beam, of a 
register-train, an escapement operated there- 
by and controlled by the oscillations of said 
scale-beam, and a current-reverser operated 
by said register-train for reversing the cur- 
rent through the electrolytic cell at each os- 
cillation of the beam, substantially as set 
forth. 

5. In an improved electric meter, the com- 
bination witha balanced scale-beam, a weight- 
ed arm depending from said beam for resist- 
ing the oscillations thereof, and an electro- 


‘lytic cell the movable electrode of which is 


connected with said svale-beam, of a register- 
train, an escapement operated thereby and 
controlled by the oscillations of said scale- 
beam and a current-reverser operated by said 


' 


| 
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train for reversing the current through thé 
electrolytic cell, substantially as set forth. 

6. In animproved electric meter, the com- 
bination with a balanced scale - beam, a re- 
tarding device for resisting the oscillations 
thereof and an electrolytic cell the movable 
electrode of which is connected to said scale- 
beam, of a register-train, an escapement-arm 
driven by said train, two pallets earried by 
said arm at varying distances from the center 
of rotation thereof, and a pallet-stud on the 
scale-beam coéperating successively with said 
pallets, substantially as set forth. 

7. In an improved electric meter, the com- 
bination witha balanced scale-beam, a retard- 
ing device for resisting the oscillations there- 
of and an electrolytic cell the movable elec- 
trode of which is connected to said scale- 
beam, of a register-train, a relatively-long es- 
capement-arm driven by said train, two pal- 
lets carried by said arm at varying distances 
from the center of rotation thereof, and a pal- 
let-stud on the scale-beam above the pivot 
thereof, and codperating successively with 
said pallets, substantially as set forth. 

8. In an electric meter, the combination 


-with a scale-beam mounted on a knife-edge, 


a weighted arm depending from said scale- 
beam vertically beneath the pivot, and an 
electrolytic cell the movable electrode of 
which is connected to said scale-beam, of a 
register-train, an elongated escapement-arm 
driven by said train, two pallets carried by 
the extremities of said arms at different dis- 
tances from the center of rotation thereof, a 
pallet-stud on the scale-beam in line above its 
pivot, and a current-reverser operated by the 
register - train for reversing the current 
through the electrolytic cell, substantially as 
set forth. 

9. An electrolytic registering-meter having 
a scale-beam operated by electrolytic action, 
a power-driven escapement controlled by the 
seale-beam, and a current-reverser and regis- 
ter operated by said power-escapement, sub- 
stantially as set forth. ; 

10. In a registering electrolytic meter, the 
combination with a resistance, of the two- 
point current-reverser operating to shunt the 
meter first around one half of the resistance 
and then around the other half; substantially 
as set forth. 

11. In an electric meter, the combination 
with a balanced seale-beam, and an electro- 
lytic cell the movable electrode of which is 
connected to said scale-beam, of a. register- 
train, an escapement operated thereby and 
coutrolled by the oscillation of said scale- 
beam, the movable contact of a current-re- 
verser operated by the register-train at each 
movement of the escapement, and the two 
stationary contacts with which the movable 
contact successively engages for reversing 
the current through said electrolytic cell, sub- 
stantially as set forth. 

12. In an electric meter, the combination 
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with a balanced scale-beam, and two electro- 
lytic cells the movable electrodes of which 
are connected to the extremities of said scale- 
beam, of a register-train, an escapement op- 


erated thereby and controlled by the oscilla- 


tion of said scale-beam, a movable contact op- 
erated by the register-train at each movement 
of the escapement, two fixed contacts with 
each of which the said movable contact suc- 
cessively engages, a divided resistance shunt- 
ing both cells, and a connection between the 
center of such resistance and the movable 
contact, whereby current will be successively 
reversed through both cells, substantially as 
set forth. . 

13. A registering electrolytic meter having 
two cells whose movable electrodes are car- 
ried by the opposite ends of a scale-beam, 
such movable electrodes being insulated from 
the scale-beam and having permanent con- 
nections with the circuit through flexible me- 
tallic connections, substantially as set forth. 


14. In an improved electrolytic cell, the 
combination of the jar, the fixed electrode 
therein, and the clamping-rods for adjustably 
maintaining said fixed electrode in place, sub- 
stantially as set forth. 

15. In a registering electrolytic meter, the 
combination with the registering mechanism 
of an electrolytic device for obtaining move- 
ment of such registering mechanism, and a 
current-reverser for reversing the current in 
the electrolytic device and comprising two 
fixed contacts and a movable contact succes- 
sively engaging such fixed contacts, the en- 
gaging surfaces of the contacts being gold- 
plated, for the purpose substantially as de- 
scribed. 

This specification signed and witnessed 
this 19th day of September, 1898. 

THOMAS A. EDISON. 

Witnesses: 

J. F. RANDOLPH, 
JNO. R. TAYLOR. 
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